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(57) ABSTRACT 

The present invention provides methods of treating one or 
more complications of premature birth suffered by premature 
infants, comprising administering to the premature infant 
umbilical cord blood stem cells and, optionally, placental 
stem cells. The present invention also provides methods of 
combining and administering, and compositions comprising, 
umbilical cord blood stem cells, particularly autologous cord 
blood cells, and placental stem cells for the treatment of 
premature infants. 
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TREATMENT OF PREMATURE BIRTH 
COMPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 61/002,375, ?led Nov. 7, 
2007, the entire contents of Which is incorporated by refer 
ence herein. 

1. FIELD OF THE INVENTION 

[0002] The present invention relates to compositions and 
methods for treating one or more disorders or conditions in 

infants, including premature infants, by administering to such 
infants umbilical cord blood and, optionally, placental stem 
cells and/or blood additives. 

2. BACKGROUND OF THE INVENTION 

[0003] A full term infant spends 37 to 42 Weeks in the 
uterus. An infant born earlier than 37 Weeks is considered 
premature or preterm. Premature birth is the leading cause of 
death in the ?rst month of life and is a major public concern. 
According to the March of Dimes Birth Defects Foundation, 
in 2002 there Were 480,812 premature births (representing 
12.1% of all live births) in the United States, and the cost for 
medical care of premature infants Was 15.5 billion dollars. 

[0004] Risk factors for preterm labor and delivery include 
age of the mother (less than 18 years of age or greater than 35 
years of age), infection, diabetes mellitus, hypertension, 
smoking, a pregnancy With multiple fetuses and substance 
abuse. 
[0005] Currently, survival rates for infants born from about 
23 to about 25 Weeks of gestation vary from about 20 percent 
for infants of 23 gestational Weeks, to about 65 percent for 
infants of 25 gestational Weeks. About one third of surviving 
babies in this age group develop normally; about one third 
develop mild or moderate disabilities; and about one third 
develop severe disabilities. 

[0006] Survival rates for premature infants born from about 
26 to about 29 Weeks of gestation are about 75 percent for 
infants born at 26 gestation Weeks and about 85 percent for 
infants born at 29 gestation Weeks. About 40 percent of such 
premature infants Who survive develop normally, While about 
40 percent develop mild or moderate disabilities and about 20 
percent develop one or more severe disabilities. 

[0007] 90 to 95 percent of premature infants born from 
about 30 to about 33 Weeks of gestation survive. About 65% 
of these premature infants develop normally, While about 20 
percent develop mild or moderate disabilities and about 15 
percent of these premature infants develop one or more severe 
disabilities. 

[0008] Although premature infants born from about 34 to 
about 37 Weeks of gestation are less mature than full-term 
infants, their survival rate (around 95 percent) is nearly iden 
tical to the survival rate for full-term infants, and their long 
term prospects are as good as those of any full-term infant. 

[0009] Physical features of a premature infant include, for 
example, small siZe; loW birth Weight; irregular breathing; 
and underdeveloped organs or systems such as lung, immune 
system and brain. Common problems associated With prema 
ture infants include but are not limited to anemia, loW blood 
pressures, hyperbilirubinemia, infection, retinopathy, respi 
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ratory distress and incomplete development of certain organs, 
such as lung, eye, immune system, brain, heart, liver and 
kidney. 
[0010] Various treatment options, having varying degrees 
of success, are available to treat disorders and conditions 
associated With premature infants. For example, premature 
infants With anemia may be treated With blood transfusions 
and/ or iron supplementation, and surfactant administration is 
used to treat respiratory distress syndrome associated With 
preterm birth. No treatment options exist, hoWever, for 
incomplete organ development. Despite progress, a need con 
tinues to exist for development of treatments for disorders and 
conditions associated With premature infants. 

3. SUMMARY OF THE INVENTION 

[0011] The present invention provides methods of treating 
disorders and conditions of a premature infant caused by or 
associated With premature birth. 
[0012] In one aspect, the present invention provides a 
method of treating a disorder or condition of a premature 
infant, Wherein the disorder or condition is caused by or 
associated With premature birth, comprising administering to 
the premature infant a composition comprising umbilical 
cord blood, e.g., allogeneic cord blood. In speci?c embodi 
ments, the method additionally comprises administering to 
the premature infant placental stem cells and/or blood addi 
tives. In embodiments in Which placental stem cells and/or 
blood additives are administered, the umbilical cord blood 
can be autologous or allogeneic. In a more speci?c embodi 
ment, said blood additive is erythropoietin, an iron supple 
ment, a vitamin, or allogeneic red blood cells not obtained 
from cord blood. In a more speci?c embodiment, Wherein 
said additive is allogeneic red blood cells, said cells are irra 
diated to a degree su?icient to reduce or prevent graft versus 
host disease. In a speci?c embodiment, said irradiation is With 
at least 2,500 cGy of radiation. In another more speci?c 
embodiment, Wherein said additive is allogeneic red blood 
cells, said cells have been leukodepleted. 
[0013] A premature infant is an infant Who is born less than 
37 Weeks of gestation. In certain embodiments, the premature 
infant has undergone from about 23 to about 25 Weeks of 
gestation at birth. In certain embodiments, the premature 
infant has under undergone from about 26 to about 29 Weeks 
of gestation at birth. In certain embodiments, the premature 
infant has under undergone from about 30 to about 33 Weeks 
of gestation at birth. 
[0014] In certain embodiments, the premature infant has 
under undergone from about 34 to about 37 Weeks of gesta 
tion at birth. 

[0015] In certain embodiments, the premature infant 
Weighs about 800 grams or more at birth. In certain embodi 
ments, the premature infant Weighs about 500 grams to about 
800 grams at birth. In certain embodiments, the premature 
infant Weighs less than about 500 grams at birth. 
[0016] The disorder or condition to be treated according to 
the present invention can be any disorder or condition knoWn 
in the art to be caused by or associated With premature birth. 
In certain embodiments, the disorder or condition is Respira 
tory Distress Syndrome (RDS) or Acute Respiratory Distress 
Syndrome (ARDS). In certain embodiments, the disorder or 
condition is anemia. In certain embodiments, the disorder or 
condition is intraventricular hemorrhage, necrotiZing entero 
colitis, retinopathy of prematurity, chronic lung disease 
(bronchopulmonary dysplasia), an infection, patent ductus 
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arteriosus, apnea, loW blood pressure, or hyperbilirubinemia. 
In certain embodiments, the disorder or condition is caused 
by incomplete development of an organ, such as lung, eye, 
immune system, brain, heart, liver or kidney. 
[0017] Umbilical cord blood used in the present invention 
can be collected by any technique knoWn in the art. In certain 
embodiments, umbilical cord blood is obtained from a cord 
blood bank. In certain embodiments, umbilical cord blood is 
collected from a post-partum mammalian placenta. In some 
embodiments, umbilical cord blood is obtained from a post 
partum mammalian placenta of a full-term birth. In other 
embodiments, umbilical cord blood is obtained from a post 
partum mammalian placenta of a premature birth. The 
umbilical cord blood can be allogeneic to the premature infant 
to be treated, if administered alone, or can be allogeneic or 
autologous, or a combination of both, if administered With 
placental stem cells or blood additives. 
[0018] Placental stem cells used in the present invention 
can be isolated and processed by any method knoWn in the art. 
In certain embodiments, placental stem cells are obtained 
from a placenta of a full-term birth. In certain embodiments, 
placental stem cells are obtained from a placenta of a prema 
ture birth. The placental stem cells useful in the methods of 
the invention can be allogeneic or autologous to the prema 
ture infant to be treated, or a combination of both. 

[0019] In particular embodiments, placental stem cells are 
obtained from a placenta that has been exsanguinated and 
perfused to remove residual blood cells. The exsanguinated 
placenta can then be cultured for about 2 to about 24 hours, or 
more, under conditions appropriate to alloW for the produc 
tion of endogenous stem cells originating from the placenta. 
[0020] Once obtained from a cultured placenta, the placen 
tal stem cells may be characterized by a number of methods, 
including but not limited to, immunochemistry to identify 
particular cell surface markers. Preferred stem cells to be used 
in accordance With the present invention may be identi?ed by 
the presence of the folloWing cell surface markers: CD34“, 
OCT-4+, CD73", CD105", CD200+ and/or HLA-G". In cer 
tain embodiments, the placental stem cells comprise CD34+ 
cells. In certain embodiments, the placental stem cells com 
prise CD34‘ cells. In certain embodiments, the placental stem 
cells comprise OCT-4+ cells. In certain embodiments, the 
placental stem cells comprise cells that are CD73", CD105+ 
and CD200". In certain embodiments, the placental stem cells 
comprise cells that are CD200+ or OCT-4+. In certain 
embodiments, said placental stem cells comprise cells that are 
CD200+ and OCT-4+. In certain embodiments, the placental 
stem cells comprise cells that are CD73+ and CD105+ and that 
facilitate the formation of one or more embryoid-like bodies 
in a population of placental cells comprising said cells When 
said population is cultured under conditions that alloW the 
formation of an embryoid-like body. In certain embodiments, 
the placental stem cells comprise cells that are CD73", 
CD105+ and CD200". In certain embodiments, the placental 
stem cells comprise cells that are OCT-4+ and that facilitates 
the formation of one or more embryoid-like bodies in a popu 
lation of placental cells comprising the stem cell When said 
population is cultured under conditions that alloW formation 
of embryoid-like bodies. 
[0021] The step of administering to the premature infant 
umbilical cord blood, or combinations of umbilical cord 
blood andplacental stem cells, can be carried out according to 
the judgment of those of skill in the art, and can be performed, 
e. g., intravenously. Administration can be performed at vari 
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ous times after birth of the premature infant, but is generally 
preferred no more than about 2 Weeks after birth. In various 
embodiments, administration is performed Within one, tWo, 
?ve, ten, tWelve, or tWenty four hours, or one Week, after birth 
of the premature infant. Administration can be performed 
once or a plurality of times after birth of the premature infant. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a cross-sectional vieW of the cannulation of 
the vein and artery of a placenta to perfuse the placenta and 
then collect the perfusate. 
[0023] FIGS. 2A-2E are schematics shoWing the collec 
tion, clamping, perfusion, collection and storage of a drained 
and perfused placenta. 
[0024] FIG. 3 is a cross-sectional schematic of a perfused 
placenta in a device for use as a bioreactor. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

5.1 Treatment of Premature Infants 

[0025] The present invention provides methods of treating 
disorders and conditions of a premature infant caused by or 
associated With premature birth. The method comprises the 
step of administering to the premature infant umbilical cord 
blood and, optionally, placental stem cells. In embodiments in 
Which the cord blood is administered alone or With blood 
additives, the cord blood is allogeneic to the premature infant 
to be treated. In embodiments in Which the cord blood is 
administered With placental stem cells and/ or blood additives, 
the cord blood can be autologous or allogeneic to the recipient 
premature infant. 
[0026] An infant is considered an extremely loW birth 
Weight (ELBW) infant if the infant is born Weighing less than 
1 kg (approximately 2.3 lbs). In certain embodiments, the 
premature infant Weighs about 800 grams or more at birth. In 
certain embodiments, the premature infant Weighs at about 
500 grams to about 800 grams at birth. In certain embodi 
ments, the premature infant Weighs less than about 500 grams 
at birth. 

[0027] As used herein, the terms “treat, treating” and 
“treatment” refer to the cure, remediation, or the reduction or 
amelioration of the progression, severity, and/ or duration, of 
a disorder or condition, in this case one caused by or related to 
premature birth, or any parameter or symptom of such a 
disorder or condition. 

[0028] Treatment of a premature infant With umbilical cord 
blood, and optionally placental stem cells, may be considered 
e?icacious if the premature infant survives, or if the disorder 
or condition caused by or associated With premature birth is 
measurably improved in any Way as a result of the treatment. 
Such improvement may be shoWn by, e.g., one or more mea 
surable indicators including, for example, detectable changes 
in a physiological condition or set of physiological conditions 
associated With a particular disease, disorder or condition 
(including, but not limited to, blood pressure, heart rate, res 
piratory rate, counts of various blood cell types, levels in the 
blood of certain proteins, carbohydrates, lipids or cytokines 
or modulation of expression of genetic markers associated 
With the disease, disorder or condition). 
[0029] Treatment of a premature infant With umbilical cord 
blood, and optionally placental stem cells, is considered 
effective if any one of such indicators appears to respond to 
such treatment by changing to a value that is Within, or closer 
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to, a normal value for, eg full-term infants, than such indi 
cator(s) Would be expected to lie in the absence of adminis 
tration of umbilical cord blood and/or placental stem cells. 
The normal value may be, a normal value or range of normal 
values that is knoWn in the art for an indicator. For example, 
one or more metabolic or biochemical indicator displayed by 
a premature infant can be compared to the normal range for 
the indicator(s), Wherein treatment is considered effective if 
the treatment results in the one or more metabolic or bio 
chemical indicator more closely approaching, or falling 
Within, a reference range for normal, full-term infants. Such 
indicator include, but are not limited to, levels of, or values 
for, 17 hydroxyprogesterone, 25-hydroxyvitamin D (25(OH) 
D), acetoacetate, acidity (pH), albumin, ammonia, amylase, 
ascorbic acid, bicarbonate, bilirubin, blood volume, calcium, 
carbon, dioxide partial pressure, carbon monoxide, CD4 cell 
count, ceruloplasmin, chloride, copper, creatine kinase (CK 
or CPK), creatine kinase isoenZymes, creatinine, erythrocyte 
sedimentation rate (ESR or Sed-Rate), globulin, glucose, 
hematocrit, hemoglobin, iron, iron-binding capacity, lactate 
(lactic acid) (arterial), lactic dehydrogenase, lipase, magne 
sium, mean corpuscular hemoglobin (MCH), mean corpus 
cular hemoglobin concentration (MCHC), mean corpuscular 
volume (MCV), osmolality, oxygen partial pressure, oxygen 
saturation (arterial), phosphatase, phosphorus, platelet count, 
potassium, protein (total), prothrombin (PTT), pyruvic acid, 
red blood cell count (RBC), sodium, thyroid-stimulating hor 
mone (TSH), transaminase (alanine or aspartate), urea nitro 
gen (BUN) and BUN/creatinine ratio, uric acid, vitamin A, 
WBC (leukocyte count and White blood cell count), Zinc, and 
the like. 

[0030] The effectiveness of administration of cord blood, 
or cord blood and placental stem cells, can be assessed by 
behavioral tests. For example, improvement in neurodevel 
opment of a premature infant can be assessed, e.g., Within the 
?rst 2-3 years of birth by one or more such tests as the 
Neonatal Neurobehavioral Examination, Alberta Infant 
Motor Scale, or Bayley Scale of infant Development (3d 
Edition), by comparing a score on such a test by the premature 
infant to a score, or range of scores, for normal and premature 
infants of different gestational ages, and determining that 
improvement takes place if the score is higher than the score 
is expected to be at the premature infant’s gestational age. In 
a speci?c embodiment, the premature infant, receiving cord 
blood or a combination of cordblood andplacental stem cells, 
is deemed to have improved if the score is higher than a score, 
or an average of scores, of premature infants of the same 
gestational age treated With only conventional treatments. 

[0031] In one embodiment, a preterm infant is assessed 
shortly after birth (e. g., Within the ?rst Week) by the Neonatal 
Neurobehavioral Examination (N NE) and given a score rep 
resenting development of behavioral traits, primitive re?exes, 
and tone and motor patterns, Wherein the maximum score is 
81. The infant is re-assessed one or more times Within tWo 
years of birth, preferably at about 18 to about 22 months. A 
signi?cant improvement in the NNE score during this time 
indicates ef?cacy. In various embodiments, administration of 
umbilical cord blood and optionally placental stem cells is 
effective if the score improves from average scores of, e.g., 
37-42 Week gestational age preterm infants (66.5) if the pre 
mature infant Was born at 37-42 Weeks gestational age; 34-36 
Week preterm infants (60.7) if the premature infant Was born 
at 34-36 Weeks gestational age, or infants born at 34 Weeks or 
less gestational age (51.1) if the premature infant Was born at 
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34 Weeks or less gestational age, compared With premature 
infants not treated With cord blood or a combination of cord 
blood and placental stem cells. See Morgan, “Neonatal Neu 
robehavioral Examination. A NeW Instrument For Quantita 
tive Analysis of Neonatal Neurological Status,” Phys. T her. 
68(9): 1352-1358 (1988). 
[0032] 5.1.1 Disorders or Conditions Caused by orAssoci 
ated With Premature Birth 
[0033] The disorder or condition to be treated With the 
present invention can be any disorder or condition, caused by 
or associated With premature birth, that is knoWn in the art. In 
certain embodiments, the disorder or condition is Respiratory 
Distress Syndrome (RDS) orAcute Respiratory Distress Syn 
drome (ARDS). In certain embodiments, the disorder or con 
dition is anemia. In certain embodiments, the disorder or 
condition is intraventricular hemorrhage, necrotiZing entero 
colitis, retinopathy of prematurity, chronic lung disease 
(bronchopulmonary dysplasia), an infection, patent ductus 
ar‘teriosus, apnea, loW blood pressure, or hyperbilirubinemia. 
In certain embodiments, the disorder or condition is caused 
by incomplete development of an organ, including but not 
limited to lung, eye, immune system, brain, heart, liver or 
kidney. 
[0034] (Acute) Respiratory Distress Syndrome (ARDS/ 
RDS) or Infant Respiratory Distress Syndrome (IRDS) (for 
merly called hyaline membrane disease) is a breathing disor 
der in Which the air sacs (alveoli) in an infant’s lungs do not 
stay open because of high surface tension resulting from 
insuf?cient production of surfactant. Respiratory distress 
syndrome affects 10% of all premature infants and only rarely 
affects those born at full-term. The disease is caused by a lack 
of lung surfactant, a chemical that normally appears in mature 
lungs. Surfactant keeps the air sacs from collapsing and 
alloWs them to in?ate With air more easily. In respiratory 
distress syndrome, the air sacs collapse and prevent the child 
from breathing properly. Symptoms usually appear shortly 
after birth and become progressively more severe. Infants 
With RDS/ARDS usually need support With oxygen and a 
respirator or are treated With a surfactant drug. 

[0035] Anemia is a disorder characterized by an insu?i 
cient number of erythrocytes or hemoglobins in the blood to 
carry adequate oxygen to the body. Premature infants may 
develop anemia for a number of reasons, including blood loss 
during delivery, lack of iron content and shorter half-life of 
red blood cells as compared to adults. Current treatment 
options include blood transfusion (from blood bank or 
directed donor blood obtained from family members), iron 
supplementation and preventing of blood loss. Although not 
intending to be bound by any particular theory, it is believed 
that umbilical cord blood can be a good source of blood for 
transfusion. Autologous infusion of umbilical cord blood has 
several advantages over blood from a blood bank or related 
donors: 1) umbilical cord blood is a good source of erythro 
cytes With moderate capacity to carry oxygen; 2) umbilical 
cord blood is readily available and requires minimal testing; 
and 3) the umbilical cord blood is a rich source of stem and 
progenitor cells capable of supporting further development of 
immature organs or organs damaged due to premature deliv 
ery. 
[0036] Apnea is a disorder in Which a premature infant 
temporarily stops breathing and is usually de?ned as cessa 
tion of breathing for 15 to 20 seconds. Apnea may occur in 
infants born before 34 Weeks of pregnancy, increasing in 
frequency among the most prematurely born infants. It is 
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thought to be caused by immaturity of the part of the brain that 
controls breathing. Infants With apnea are treated With drugs 
(e. g., aminophylline, caffeine, or doxapram), and/or are sup 
ported With continuous positive airWay pressure or a ventila 
tor. 

[0037] Chronic lung disease (bronchopulmonary dyspla 
sia) is a condition that develops in premature infants on 
mechanical ventilation and/or high oxygen levels for 
extended periods. Chronic lung disease is treated With oxy 
gen, drugs and gradual Weaning infants from the ventilator. 
[0038] Hyperbilirubinemia, one of the most common prob 
lems encountered in neWborns, is an abnormally high level of 
bilirubin in the blood. It is de?ned as a total serum bilirubin 
level greater than 5 mg/dL. Bilirubin above this level is neu 
rotoxic/cytotoxic. It results from the deposition of unconju 
gated bilirubin pigment in the skin and mucus membranes. 
Mild hyperbilrubinemia does not require treatment. Higher 
bilirubin levels can be treated by phototherapy, in Which the 
infant is placed under bilirubin lights. 
[0039] Premature infants are at higher risk of developing 
infections than full-term babies, since their immune systems 
are immature. Serious infections seen in premature babies 
include sepsis, pneumonia and meningitis (infection of the 
membranes surrounding the brain). Currently, infections are 
treated With antibiotics or antiviral drugs. 
[0040] Intraventricular hemorrhage is bleeding in the brain. 
It occurs When small blood vessels lying alongside the ven 
tricles rupture. Intraventricular hemorrhage most frequently 
affects premature newborns Severe bleeding can cause brain 
damage, and can result in, e.g., learning disabilities and/or 
behavior problems. 
[0041] NecrotiZing enterocolitis is a condition in Which the 
inner surface of the intestine becomes injured and in?amed; if 
severe, a portion of the intestine may die, leading to intestinal 
perforation and peritonitis. NecrotiZing enteroclitis occurs 
mainly in premature infants. The cause for this disorder is 
unknown, but it is thought that a decreased blood How to the 
boWel keeps the boWel from producing the normal protective 
mucus. Bacteria in the intestine may also be a cause. Necro 
tiZing enterocolitis can lead to feeding problems, sWelling in 
infants’ belly and other complications. NecrotiZing entero 
colitis is treated With drugs and sometimes surgery. 
[0042] Patent ductus arteriosus (PDA) is a condition Where 
the ductus arteriosus, a blood vessel that alloWs blood to 
bypass the infant’s lungs before birth, fails to close after birth. 
Patent ductus arteriosus is currently treated With drugs and 
surgery if necessary. 
[0043] Retinopathy of prematurity is a disorder in Which 
blood vessels in the back of the eye (retina) develop abnor 
mally in premature infants; these blood vessels may bleed, 
and in the mo st severe cases, the retina may detach, leading to 
visual loss. It occurs mainly in infants born before the 32d 
Week of pregnancy. The main risk factor for developing ret 
inopathy of prematurity is extreme prematurity; high oxygen 
levels in the blood from the treatment of breathing problems 
may increase the risk. A bilateral retinopathy typically occur 
ring in premature infants treated With high concentrations of 
oxygen, characteriZed by vascular dilatation, proliferation, 
and tortuosity, edema, and retinal detachment, With ultimate 
conversion of the retina into a ?brous mass that can be seen as 

a dense retrolental membrane. Typically, groWth of the eye is 
arrested and may result in microphthalmia, and blindness 
may occur. Mild retinopathy of prematurity often heals spon 
taneously; infants With severe retinopathy are currently 
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treated With a laser or cryotherapy, in Which the peripheral 
portions of the retina are froZen. 
[0044] In addition, the present invention also encompasses 
the treatment of disorders and conditions caused by incom 
plete development of certain organs, including but not limited 
to lung, eye, immune system, brain, heart, live and kidney. 
Currently, there are no treatment options for incomplete 
organ development. 
[0045] 5.1.2 Administration of Umbilical Cord Blood and 
Placental Stem Cells to Premature Infants 

[0046] Umbilical cord blood, and optionally placental stem 
cells, may be administered to a premature infant, in particular 
a premature infant having or exhibiting any disorder or con 
dition associated With, or caused by, prematurity, in any phar 
maceutically or medically acceptable manner, including by 
injection or transfusion. In certain embodiments, umbilical 
cord blood and placental stem cells are administered to a 
premature infant parenterally. The term “parenteral” as used 
herein includes subcutaneous injections, intravenous, intra 
muscular, intra-arterial injection, or infusion techniques. In 
preferred embodiments, umbilical cord blood, and optionally 
placental stem cells, are administered to a premature infant 
intravenously. 
[0047] Umbilical cord blood or placental stem cells may be 
contained in any pharmaceutically-acceptable carrier. The 
umbilical cord blood or placental stem cells may be carried, 
stored, or transported in any pharmaceutically or medically 
acceptable container, for example, a blood bag, transfer bag, 
plastic tube, syringe, vial, or the like. 
[0048] The step of administering umbilical cord blood, and 
optionally placental stem cells, to the premature infant can be 
carried out in any medically-acceptable manner. Administra 
tion can be performed at various times after birth of the 
premature infant. In various embodiments, for example, 
administration is performed Within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 15, 18, 21, or 24 hours after birth, or Within 2, 3, 4, 5, 
or 6 days after birth, or Within 1 or 2 Weeks after birth. 

[0049] Administration of cord blood, and optionally of pla 
cental stem cells, can be performed once or a plurality of 
times after birth of the premature infant. In certain embodi 
ments, administration is performed once after birth of a pre 
mature infant. In certain embodiments, administration is per 
formed a plurality of times after birth of a premature infant. 
[0050] The amount or number of umbilical cord blood and 
placental stem cells administered to the premature infant 
depends on the source of umbilical cord blood and placental 
stem cells used, the severity or nature of disorders or condi 
tions to be treated, as Well as age, body Weight and physical 
condition of the premature infant, etc. In certain embodi 
ments, about 0.01 to about 0.1, about 0.1 to about 1, about 1 
to about 10, about 10 to about 102, about 102 to about 103, 
about 103 to about 104, about 104 to about 105, about 105 to 
about 106, about 106 to about 107, about 107 to about 108, or 
about 108 to about 109 umbilical cord blood cells, placental 
stem cells, or umbilical cord blood cells and placental stem 
cells per kilogram body Weight of a premature infant are 
administered. In a speci?c embodiment, said umbilical cord 
blood cells are CD34+ cells. In another speci?c embodiment, 
said placental stem cells are CD34+ cells. Preferably, at least 
about 105 to about 107 CD34+ cells per kilogram body Weight 
are administered. Such CD34+ cells can be from cord blood 
alone, or can be from cord blood and placenta. In various 
embodiments, at least about 0.1, 1, 10, 102, 103, 104, 105, 106, 
107, 108, or 109 umbilical cord blood cells, placental stem 
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cells, or umbilical cord blood cells and placental stem cells 
per kilogram body Weight of a premature infant are adminis 
tered. In various embodiments, at most about 104, 105, 106, 
107, 108, or 109 umbilical cord blood cells, placental stem 
cells, or umbilical cord blood cells and placental stem cells 
per kilogram body Weight of a premature infant are adminis 
tered. In speci?c embodiments of the above embodiments, the 
cord blood and/or placental stem cells are CD34+ cells. 
[0051] The umbilical cord blood, and optionally placental 
stem cells, is preferably delivered in a volume appropriate for 
the siZe of the premature infant. Typical blood volume of 
premature infants is about 85-100 mL/kg body Weight. Thus, 
the blood volume for premature infants ranges from approxi 
mately 40 mL to approximately 300 mL. In various embodi 
ments, therefore, umbilical cord blood, and optionally pla 
cental stem cells, is administered in a total volume of about 
0.5 mL, 1.0 mL, 2 mL, 3 mL, 4 mL, 5 mL, 6 mL, 7 mL, 8 mL, 
9 mL, 10 mL,11mL,12 mL, 13 mL, 14 mL, 15 mL, 16 mL, 
17 mL, 18 mL, 19 mL, or about 20 mL, or more. The admin 
istration of such volumes can be a single administration or in 
multiple administrations. Where the infant is particularly loW 
birth Weight (e.g., less than 1 kg), a desired volume of umbili 
cal cord blood, or number of umbilical cord blood cells, and 
optionally placental stem cells, can be provided to the infant 
in a plurality of administrations. The time over Which such 
volumes of cord blood or combinations of cord blood and 
placental stem cells can be administered can vary from, e.g., 
0.5 hours, 1 hour, 1.5 hours, 2 hours, 2.5 hours, 3 hours, 3.5 
hours, 4 hours, or more. 
[0052] Generally, small transfusions under 20 mL do not 
require a pump and may be pushed in via a syringe by, e. g., an 
intermittent small bolus, taking into consideration the vol 
ume-tolerance of the infant. Larger-volume transfusions are 
preferably administered by an infusion device, Within a 
period of tWo to four hours. If the transfusion interval is to 
exceed four hours, the blood component should be subdi 
vided, and its second portion stored, e. g. in a blood bank, until 
needed. 
[0053] 5.1.3 Blood Additives 
[0054] In certain embodiments, the cord blood adminis 
tered to the premature infant comprises one or more additives. 
For example, such additives can include, e.g., erythropoietin, 
an iron supplement, a vitamin, or allogeneic red blood cells. 
[0055] In a speci?c embodiment, the blood additive is 
erythropoietin. Erythropoietin can be administered in any 
medically-acceptable form. The erythropoietin can be native 
erythropoietin puri?ed from a biological source, or an engi 
neered erythropoietin such as EPOGEN®, ARANESP® or 
PROCRIT®. The erythropoietin can have the sequence of 
native human erythropoietin, or can be an erythropoietin 
engineered to increase serum half-life. Typical dosages for 
erythropoietin range from 500-1500 U/kg/Week. 
[0056] In another speci?c embodiment, the blood additive 
is iron or an iron supplement. The iron or iron supplement can 
be in any metabolically available and medically acceptable 
form, but is preferably elemental iron. Typical dosages for 
preterm infants are from about 4.0 mg/kg/day to about 4.5 
mg/kg/day, Where the preterm infant Weighs about 1500 
grams or less, and about 2 mg/ kg/ day Where the infant Weighs 
about 1500 grams to about 2500 grams. 

[0057] In another speci?c embodiment, the blood additive 
is, or comprises, one or more vitamins. In preferred embodi 
ments, the one or more vitamins are those vitamins necessary 
for blood development, including, but not limited to, ribo?a 
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vin (vitamin B2), pyridoxine (vitamin B6), folic acid, vitamin 
B12, and/or vitamin E. In one embodiment, about 25 IU of 
vitamin E is administered to the premature infant. Such vita 
mins can be administered to the premature infant at approxi 
mately the same dosage, per kilogram, as established for 
adults. In various embodiments, a single administration of 
cord blood and, optionally, placental stem cells, includes 
about 150 pg ribo?avin; about 100 pg pyridoxine; about 25 pg 
folic acid; about 0.4 pg vitamin B12; and/or about 3.6 IU 
vitamin E. The blood additive can also be one or more other 
vitamins, e.g., vitaminA (e.g., about 460 IU per administra 
tion); vitamin D (e.g., about 70 IU per administration); vita 
min K (e.g., about 1 1 pg per administration); thiamin (vitamin 
B1, e.g., about 220 pg per administration); niacin (e.g., about 
1950 pg per administration); pantothenic acid (e. g., about 800 
pg per administration); biotin (e.g., about 9 pg per adminis 
tration); vitamin C (ascorbic acid, e.g., about 15 mg per 
administration); inositol (e.g., about 6 mg per administra 
tion); and/ or linoleic acid (e.g., about 750 mg per administra 
tion). The blood additive can be, or can comprise, any com 
bination of the foregoing vitamins. 
[0058] In another speci?c embodiment, the blood additive 
is allogeneic red blood cells from a source other than cord 
blood, e.g., red blood cells from peripheral blood. In a pre 
ferred embodiment, Where the donor is a ?rst- or second 
degree relative, the red blood cells are irradiated to a degree 
suf?cient to reduce or prevent graft versus host disease. For 
example, in one embodiment, red blood cells are irradiated 
With at least 2,500 cGy prior to administration. Such irradi 
ated red blood cells are preferably administered Within 24 
hours of irradiation. In other embodiments, the red blood cells 
administered to the premature infant With the cord blood are 
from an unrelated donor. Preferably, such red blood cells are 
from a single unrelated donor. In a preferred embodiment, the 
red blood cells are collected from the unrelated donor using a 
multipack blood collection system, Which enables multiple 
administrations to the premature infant from the same donor, 
reducing immunological complications. In another more spe 
ci?c embodiment, Wherein said additive is allogeneic red 
blood cells, said cells have been leukodepleted, e.g., using a 
leukodepletion ?lter. See, e.g., US. Pat. No. 5,728,306. In all 
embodiments in Which red blood cells are used as a blood 
additive, it is preferred that the red blood cells have been 
stored for no more than ?ve days prior to administration. In a 
preferred embodiment, the red blood cells comprise adenine 
saline (AS-3) anticoagulant. 
[0059] In another preferred embodiment, the red blood 
cells are from units of donated blood that have been tested for 
the absence of at least the folloWing pathogens, or absence of 
antibodies to the folloWing pathogens: human immunode? 
ciency virus (HIV)-I, HIV-II, hepatitis C virus, human T-lym 
photrophic virus (HTLV)-I and HTLV-II, hepatitis B virus 
(HBV, as evidenced, e. g., by absence of hepatitis B virus 
surface antigen (HBsAg)), cytomegalovirus, and syphilis. 
[0060] 5.1.4 Combination Therapy 
[0061] In certain embodiments of the methods provided 
herein, umbilical cord blood, and optionally placental stem 
cells, are used as a ?rst therapy in combination With one or 
more second therapies in the treatment of a disorder or con 
dition of a premature infant. Such second therapies include, 
but are not limited to, surgery, hormone therapy, immuno 
therapy, phototherapy or treatment With certain drugs. 
[0062] The use of the term “combination therapy” does not 
limit the order in Which treatments are administered to a 
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premature infant in the methods provided. For example, the 
agents of the combination therapy can be administered con 
currently, sequentially in any order or cyclically to a prema 
ture infant. In some embodiments, tWo components of a com 
bination therapy are administered concurrently to a 
premature infant. Components of combination therapy can be 
administered to a premature infant in the same pharmaceuti 
cal composition. Alternatively, components of combination 
therapies can be administered to a premature infant in sepa 
rate pharmaceutical compositions, and these separate com 
positions may be administered by the same or by different 
routes of administration, including, for example, oral, 
parenteral (e. g., ocular, nasal, dermal, muscular or peritoneal 
route(s), and the like), or topical, etc. 
[0063] Particular second therapies are carried out accord 
ing to the therapies’ respective standard or art-recognized 
doses and dosing schedules. 
[0064] In certain embodiments, a second therapeutic agent, 
and/or optional third therapeutic agent, is selected for its 
additive effects With umbilical cord blood and placental stem 
cells in the treatment of a disorder or condition of a premature 
infant. 
[0065] In certain embodiments, a second therapeutic agent, 
and/or optional third therapeutic agent, is selected for its 
synergistic effects With umbilical cord blood and placental 
stem cells in the treatment of a disorder or condition of a 
premature infant. 
[0066] Exemplary therapies that can be used in combina 
tion With administration of umbilical cord blood, and option 
ally placental stem cells, include control of environmental 
temperature; support With oxygen; a respirator or a ventilator; 
peripheral blood transfusion; iron supplementation; intrave 
nous feeding; phototherapy; surgery; agents for the treatment 
of apnea (e.g., aminophylline, caffeine or doxapram, and the 
like); agents for the treatment of ARDS or RDS (e.g., a 
surfactant drug such as, e. g., CUROSURF® (Poractant Alfa; 
Douglas Pharmaceuticals)); antibiotics or antiviral drugs, 
anti-in?ammatory agents (e.g., steroidal anti-in?ammatory 
compounds, non-steroidal anti-in?ammatory (NSAID) com 
pounds), nitric oxide; antihistamines, immune suppressants, 
immunomodulatory compound (e.g., a TNF-ot inhibitor); 
laser treatment (to treat, e. g., retinopathy of prematurity); etc. 
The treatment of premature infants is Well-knoWn in the art, 
and persons of skill in the art are able to select particular 
therapies, suitable for use in combination With administration 
of cord blood, on a case-by-case basis. 

5.2 Umbilical Cord Blood 

[0067] Umbilical cord blood may be collected in any medi 
cally or pharmaceutically-acceptable manner. Various meth 
ods for the collection of cord blood have been described. See, 
e.g., US. Pat. No. 6,102,871 ; US. Pat. No. 6,179,819 B1; and 
US. Pat. No. 7,147,626, the contents of each of Which are 
incorporated by reference in its entirety. The conventional 
technique for the collection of cord blood is based on the use 
of a needle or cannula, Which is used With the aid of gravity to 
drain the cord blood from the placenta. See e.g., US. Pat. 
Nos. 5,192,553; 5,004,681; 5,372,581, and 5,415,665. Usu 
ally the needle or cannula is placed in the umbilical vein and 
the placenta is gently massaged to aid in draining the cord 
blood from the placenta. Cord blood may be collected into, 
for example, blood bags, transferbags, or sterile plastic tubes. 
[0068] In some embodiments, umbilical cord blood is 
obtained from a commercial cord blood bank (e.g., Life 
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BankUSA, etc.). In another embodiments, umbilical cord 
blood is collected from a post-partum mammalian placenta 
and used immediately (e.g., Within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
1 1 or 12 hours of collection). In other embodiments, the cord 
blood used to treat a premature infant is cord blood that has 
been cryopreserved. Umbilical cord blood can be collected 
from a single placenta or from a plurality of placentas. 
[0069] Umbilical cord blood that is administered to a pre 
mature infant can be autologous or heterologous. In particular 
embodiments, umbilical cord blood is obtained from the pla 
centa of the premature infant to be treated. In certain embodi 
ments, umbilical cord blood is obtained from a post-partum 
mammalian placenta of a full-term birth. In other embodi 
ments, umbilical cord blood is obtained from a post-partum 
mammalian placenta of a premature birth, e. g., the placenta of 
the premature infant. In some embodiments, the placenta is 
the placenta of an infant born at about 23 to about 25 Weeks of 
gestation. In some embodiments, embodiments, the placenta 
is the placenta of an infant born at about 26 to about 29 Weeks 
of gestation. In some embodiments, embodiments, the pla 
centa is the placenta of an infant born at about 30 to about 33 
Weeks of gestation. In some embodiments, embodiments, the 
placenta is the placenta of an infant born at about 34 to about 
37 Weeks of gestation. 
[0070] Cord blood or stem cells derived therefrom may be 
stored as collected from a single individual (i.e., as a single 
unit) for administration, or may be pooled With other units. 
Where umbilical cord blood is pooled from a plurality of 
placentas, the pooled cord blood can comprise umbilical cord 
blood from full-term births only, cord blood from a combi 
nation of full-term births, or cord blood from premature births 
only. For example, cord blood from the placenta of the pre 
mature infant can be combined With, e.g., cord blood from 
other premature infants, cord blood from full-term births 
only, or a combination of cord blood from both premature and 
full-term placentas. Cordblood, including autologous or allo 
geneic cord blood, can also be combined With peripheral 
blood. Cord blood from premature births is preferable, as 
such cord blood comprises relatively high numbers of CD34+ 
stem cells per unit volume, compared to cord blood from 
full-term births. 
[0071] In some embodiments, the total nucleated cells 
present in the cord blood comprises at least 5%, 10%, 15%, 
20%, or more of CD38"CD45+ cells. In additional embodi 
ments, the total nucleated cells present in the cord blood 
comprises at least 25%, 30%, 40%, 50%, or more of CD38 
CD45“ cells. In some embodiments, the cord blood is pre 
pared from preterm placenta. In other embodiments, the cord 
blood is prepared from full term placenta. 

5.3 Placental Stem Cells 

[0072] As used herein, the term “placental stem cell” refers 
to a tissue culture plastic-adherent stem cell (e.g., a multipo 
tent cell) that is obtained from or derived from a mammalian 
placenta, or a portion thereof (eg amnion, chorion, and the 
like) regardless of morphology, cell surface markers, etc. The 
phrase encompasses a stem cell obtained directly from a 
placenta, e.g., as part of a population of placental cells in 
placental perfusate or digested placental tissue (digestate), or 
a stem cell that is part of a population of placental cells that 
has been expanded and/or passaged one or more times. The 
term does not, hoWever, encompass stem cells derived solely 
from another tissue, e.g., placental blood or umbilical cord 
blood. The placenta comprises stem cell populations having, 
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and distinguishable from each other by, for example, distinct 
sets of markers. Placental stem cells, and methods of obtain 
ing the same, are described in detail in Us. Pat. Nos. 7,045, 
148; 7,255,879; and in Us. Patent Application Publication 
No. 2007/0275362, ?led Dec. 26, 2006, the disclosures of 
Which are hereby incorporated by reference in their entireties. 
Placental stem cells can be recovered following successful 
birth and placental expulsion, resulting in the recovery of as 
many as one billion nucleated cells, Which yield 50-100 mil 
lion multipotent and pluripotent stem cells. 
[0073] Placental stem cells useful in the methods and com 
positions of the invention include, for example, pluripotent 
cells, multipotent cells, committed progenitor cells, hemato 
poietic progenitor cells, and mesenchymal-like stem cells 
from placenta. In one embodiment, the placental stem cells 
are contained Within, or are derived from, placental perfusate. 
In other embodiments, placental stem cells are contained 
Within, or are derived from, placental tissue that has been 
digested With one or more tissue-digesting enZymes (e.g., 
collagenase, hyaluronidase, and the like). 
[0074] Placenta-derived stem cells used in the methods of 
the invention can be derived from a single placenta, or from a 
plurality of placentas. 
[0075] In certain embodiments, placental stem cells are 
obtained from a placental of a full-term birth. In certain 
embodiments, the placental stem cells are obtained from a 
placental of a premature birth. In some embodiments, 
embodiments, the placenta is the placenta of an infant born at 
about 23 to about 25 Weeks of gestation. In some embodi 
ments, embodiments, the placenta is the placenta of an infant 
born at about 26 to about 29 Weeks of gestation. In some 
embodiments, embodiments, the placenta is the placenta of 
an infant born at about 30 to about 33 Weeks of gestation. In 
some embodiments, embodiments, the placenta is the pla 
centa of an infant born at about 34 to about 37 Weeks of 
gestation. 
[0076] Placental stem cells can be autologous or allogeneic 
to the particular premature infant to be treated. In particular 
embodiments, placental stem cells are obtained from the pre 
mature infant to be treated. 

[0077] Placental stem cells used in the methods of the 
invention can be obtained by any method. Placental stem cells 
can be obtained by, for example, perfusion, as disclosed in 
Us. Pat. No. 7,045,148, the contents of Which are incorpo 
rated herein by reference. Such perfusion can be perfusion by 
the pan method, Wherein perfusion liquid is forced through 
the placental vasculature and perfusion ?uid that exudes from 
the placenta, typically the maternal side, is collected in a pan 
containing the placenta. Perfusion can also be a closed-circuit 
perfusion, Wherein perfusion ?uid is passed through, and 
collected from, only the fetal vasculature of the placenta. In a 
speci?c embodiment, such perfusion can be continuous, that 
is, perfusion ?uid that has been passed through the placenta, 
and Which comprises a plurality of placental cells, is passed 
through a second time, or a plurality of times, prior to isola 
tion of placental cells. 
[0078] Placenta-derived stem cells may also be obtained by 
physical or enzymatic disruption of the placenta using, e.g., 
proteases and/or other tissue-disruptive enZymes to disrupt 
the multicellular structure of the placenta. Such proteases 
may include neutral proteases or metalloproteases, e.g., col 
lagenase, dispase, trypsin, elastase, and the like. Placental 
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stem cells may also be obtained by physical disruption of the 
placenta using, e. g., mucolytic enZymes, for example, hyalu 
ronidase. 
[0079] The isolated perfused placenta of the invention pro 
vides a source of large quantities of stem cells enriched for 
CD34+ stem cells, e.g., CD34+CD38_ stem cells, and CD34“ 
stem cells, e.g., CD34‘CD38+ stem cells. The ?rst collection 
of blood from the placenta is referred to as cord blood, Which 
contains predominantly CD34"CD38+ hematopoietic pro 
genitor cells. Within the ?rst tWenty-four hours of post-par 
tum perfusion, CD34+CD3 8- hematopoietic progenitor cells 
may be isolated from the placenta, along With CD34'CD38+ 
cells. After about tWenty-four hours of perfusion, CD34“ 
CD3 8- cells can be isolated from the placenta along With the 
aforementioned cells. An isolated placenta that has been per 
fused for tWenty-four hours or more provides a source of large 
quantities of stem cells enriched for CD34'CD38' stem cells. 
[0080] At least one class of human placental stem cells has 
characteristics of embryonic stem or germ cells. For example, 
stem cells of this class are SSEA3' (stage-speci?c embryonic 
antigen 3), SSEA4‘, OCT-4+ (a stem cell transcription factor) 
and/or ABC-p+ (ATP-binding cassette (ABC) transporter 
protein), a marker pro?le exhibited by pluripotent stem cells 
that have not yet undergone differentiation. Thus, in one 
embodiment, placental stem cells useful in the methods of the 
invention are SSEA3‘, SSEA4‘, OCT-4+ and/or ABC-p". In 
another embodiment, the embryonic -like stem cells of the 
invention are OCT-4+ and ABC-p". In another embodiment, 
the human placental stem cells do not express MHC Class 2 
antigens. 
[0081] Preferred placental stem cells usable in the methods 
of the invention are CD10", CD38“, CD29", CD34“, CD44", 
CD45", CD54", CD90", SH2", SH3", SH4", SSEA3‘, 
SSEA4', OCT-4+, and/or ABC-p. 
[0082] Preferred stem cells to be used in accordance With 
the present invention are CD34‘, OCT-4+, CD73", CD105", 
CD200+ and HLA-G". In certain embodiments, the placental 
stem cells comprise CD34“ cells. In other embodiments, the 
placental stem cells comprise OCT-4+ cells. In other embodi 
ments, the placental stem cells comprise cells that are CD73", 
CD105+ and CD200". In other embodiments, the placental 
stem cells comprise cells that are CD200+ or HLA-G". In 
other embodiments, said placental stem cells comprise cells 
that are CD200+ and OCT-4+. In other embodiments, the 
placental stem cells comprise cells that are CD73+ and 
CD105+ and that facilitate the formation of one or more 
embryoid-like bodies in a population of placental cells com 
prising said cells When said population is cultured under 
conditions that alloW the formation of an embryoid-like body. 
In other embodiments, the placental stem cells comprise cells 
that are CD73", CD105+ and HLA-G". In other embodi 
ments, the placental stem cells comprise cells that are OCT-4+ 
and that facilitate the formation of one or more embryoid-like 
bodies in a population of placental cells comprising the stem 
cell When said population is cultured under conditions that 
alloW formation of embryoid-like bodies. 
[0083] Thus, in one embodiment, the invention provides 
methods of treating a premature infant comprising adminis 
tering to the premature infant cord blood and placental stem 
cells. In a speci?c embodiment, said stem cells are CD200+ or 
HLA-G". In a speci?c embodiment, the stem cells are also 
CD200+ and HLA-G". In a more speci?c embodiment, said 
stem cells are also CD73+ and CD105". In another more 
speci?c embodiment, said stem cells are also CD34“, CD3 8' 
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or CD45“. In another more speci?c embodiment, said stem 
cells are also CD34‘, CD38- and CD45‘. In another more 
speci?c embodiment, said stem cells are also CD34“, CD38“, 
CD45‘, CD73+ and CD105". In another speci?c embodi 
ment, said CD200+ or HLA-G+ stem cells facilitate the for 
mation of embryoid-like bodies in a population of placenta 
derived cells comprising the stem cells, under conditions that 
alloW the formation of embryoid-like bodies. 
[0084] In another speci?c embodiment, said placental stem 
cells are CD73", CD105+ and CD200". In a more speci?c 
embodiment, said stem cells are also HLA-G". In another 
more speci?c embodiment, said stem cells are also CD34“, 
CD3 8' or CD45“. In another more speci?c embodiment, said 
stem cells are also CD34‘, CD38- and CD45‘. In a more 

speci?c embodiment, said stem cells are also CD34“, CD38“, 
CD45‘, and HLA-G". In another more speci?c embodiment, 
the CD73", CD105", and CD200+ stem cells facilitate the 
formation of one or more embryoid-like bodies in a popula 
tion of placenta-derived cells comprising the stem cell, When 
the population is cultured under conditions that alloW the 
formation of embryoid-like bodies. 
[0085] In another speci?c embodiment, said placental stem 
cells are CD200+ and OCT-4+. In a more speci?c embodi 
ment, the stem cells are also CD73+ and CD105". In another 
more speci?c embodiment, said cells are also HLA-G". In 
another speci?c embodiment, said stem cell is CD34, CD38 
or CD45. In another speci?c embodiment, said stem cell is 
CD34‘, CD38- and CD45‘. In a more speci?c embodiment, 
said stem cell is CD34“, CD38“, CD45“, CD73", CD105+ and 
HLA-G". In another speci?c embodiment, the placental stem 
cells facilitate the production of one or more embryoid-like 
bodies by a population of placenta-derived cells that com 
prises the stem cells, When the population is cultured under 
conditions that alloW the formation of embryoid-like bodies. 
[0086] In another speci?c embodiment, said placental stem 
cells are CD73", CD105+ and HLA-G". In a more speci?c 
embodiment, said stem cells are CD34“, CD3 8' or CD45“. In 
a more speci?c embodiment, said stem cells are CD34‘, 
CD38“ and CD45“. In another more speci?c embodiment, 
said CD73", CD105+ and HLA-G+ stem cells are OCT-4+. In 
another more speci?c embodiment, said stem cell is CD200". 
In a more speci?c embodiment, said stem cell is CD34“, 
CD38‘, CD45‘, OCT-4+ and CD200". In another more spe 
ci?c embodiment, said placental stem cell facilitates the for 
mation of embryoid-like bodies in a population of placental 
cells comprising said stem cell, When the population is cul 
tured under conditions that alloW the formation of embryoid 
like bodies. 
[0087] In another speci?c embodiment, the placental stem 
cells can be one or more of SSEA3‘, SSEA4‘, OCT-4+ and 
ABC-p". In another embodiment, the placental stem cells are 
OCT-4+ andABC-p". In one embodiment, the human placen 
tal stem cells do not express MHC Class II antigens. In other 
embodiments, the placental stem cells are one or more of 

CD10", CD38‘, CD29", CD34‘, CD44", CD45‘, CD54", 
CD90", 8H2", 8H3", 8H4", SSEA3‘, SSEA4‘, OCT-4+, and/ 
or ABC-p". 
[0088] In another embodiment, the placental stem cells are 
homogenous, and sterile. In another speci?c embodiment, the 
placental stem cells are present in a pharmaceutical grade 
solution suitable for administration to a human. 

[0089] Markers, such as cell surface markers, can be rou 
tinely determined according to methods Well knoWn in the art, 
eg by How cytometry or ?uorescence-activated cell sorting 
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(FACS) analysis by Washing and staining With an anti-cell 
surface marker antibody labeled With an appropriate ?uoro 
phore. For example, to determine the presence of CD34 or 
CD38, cells may be Washed in PBS and then double-stained 
With anti-CD34 phycoerythrin and anti-CD38 ?uorescein 
isothiocyanate (Becton Dickinson, Mountain VieW, Calif.). 
The cells Would then be analyZed using a standard ?oW 
cytometer. Alternatively, intra-cellular markers can also be 
examined via standard methodology. 

5.4 Collection and CharacteriZation of Placental 
Stem Cells 

[0090] Placental stem cells can be collected and isolated by 
any technique knoWn to those of skill in the art. In preferred 
embodiments, placental stem cells are isolated and collected 
as described in U.S. Pat. No. 7,045,148, or in U.S. Patent 
Application Publication No. 2007/0275362, ?led Dec. 26, 
2006, the contents of each of Which are incorporated by 
reference in their entireties. Methods of collecting placental 
stem cells are described beloW. 
[0091] 5.4.1 Isolating Placental Stem Cells By Perfusion 
[0092] 5.4.1.1 Pretreatment of Placenta 
[0093] The collection of placental stem cells starts With 
collection of a placenta, e.g., a human placenta. In certain 
embodiments, a human placenta is recovered shortly after its 
expulsion after birth and, in certain embodiments, the cord 
blood in the placenta is recovered. In speci?c embodiments, 
the placenta is subjected to a conventional cord blood recov 
ery process as an adjunct to treatment of the premature infant, 
e.g., recovery of cord blood in response to the particular 
premature infant’s need. Cord blood may also be obtained 
from a commercial cord blood banking service, e.g., Life 
BankUSA, Cedar Knolls, N]. 
[0094] Typically, cord blood collection proceeds as fol 
loWs. Postpartum (after either Caesarian delivery or natural 
birth), the placenta is exsanguinated, e.g., drained of cord 
blood. Prior to cord blood collection, the placenta may be 
stored under sterile conditions and at a temperature of, e.g., 
about 50 C. to about 25° C., or at about room temperature. In 
certain embodiments, the proximal umbilical cord is 
clamped, preferably Within 4-5 cm (centimeter) of the inser 
tion into the placental disc prior to cord blood recovery. In 
other embodiments, the proximal umbilical cord is clamped 
after cord bloodrecovery but prior to further processing of the 
placenta. Conventional techniques for the collection of cord 
blood may be used. Typically a needle or cannula is used, With 
the aid of gravity, to drain cord blood from (i.e., exsanguinate) 
the placenta (see, e.g., Boyse et al., U.S. Pat. No. 5,192,553; 
Boyse et al., U.S. Pat. No. 5,004,681;Anderson, U.S. Pat. No. 
5,372,581; Hessel et al., U.S. Pat. No. 5,415,665). The needle 
or cannula is usually placed in the umbilical vein and the 
placenta is gently massaged to aid in draining cord blood from 
the placenta. 
[0095] The placenta may then be stored for a period of 
about 1 hour to about 72 hours, preferably about 4 to about 24 
hours, prior to perfusing the placenta to remove any residual 
cord blood. 
[0096] After cord blood collection, the placenta is prefer 
ably stored in an anticoagulant solution at a temperature of 
about 50 C. to about 25° C., e.g., at about room temperature. 
Suitable anticoagulant solutions are Well knoWn in the art. For 
example, a solution of heparin or Warfarin sodium can be 
used. In a preferred embodiment, the anticoagulant solution 
comprises a solution of heparin (1% W/W in 11:1000 solu 
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tion). The drained placenta is preferably stored for no more 
than 36 hours before placental stem cells are collected, as 
described below. 
[0097] Typically, a placenta is transported from the delivery 
or birthing room to another location, e.g., a laboratory, for 
recovery of cord blood and/or drainage and stem cell collec 
tion by, e.g., perfusion or enzymatic digestion of placental 
tissue. The placenta is preferably transported in a sterile, 
thermally insulated transport device (maintaining the tem 
perature of the placenta betWeen, e.g., about 200 C. and about 
28° C.), for example, by placing the placenta, With clamped 
proximal umbilical cord, in a sterile Zip-lock plastic bag, 
Which is then placed in an insulated container, as shoWn in 
FIGS. 2a-e. 

[0098] In a preferred embodiment, the placenta is recov 
ered from a patient by informed consent and a complete 
medical history of the patient prior to, during and after preg 
nancy is also taken and is associated With the placenta. These 
medical records can be used to coordinate subsequent use of 
the placenta or the stem cells harvested therefrom. For 
example, such human placental stem cells can then easily be 
used for personaliZed medicine for the premature infant to be 
treated. 
[0099] 5.4.1.2 Exsanguination of Placenta and Removal of 
Residual Cells 

[0100] After cord blood recovery, placental stem cells are 
recovered from the placenta by, e.g., perfusion. In one aspect, 
the exsanguinated placenta is perfused With a suitable aque 
ous perfusion ?uid to remove residual cord blood. The per 
fusion solution can be any aqueous isotonic ?uid in Which an 
anticoagulant (e.g., heparin, Warfarin sodium) is preferably 
dissolved. Such aqueous isotonic ?uids for perfusion are Well 
knoWn in the art, and include, e.g., nutrient media, saline 
solutions, e.g., phosphate buffered saline or, preferably, a 0.9 
N sodium chloride solution. The perfusion ?uid preferably 
comprises the anticoagulant at a concentration that is su?i 
cient to prevent the formation of clots of any residual cord 
blood. In a speci?c embodiment, a concentration of from 1 to 
100 units of heparin is employed, preferably a concentration 
of 1 to 10 units of heparin per ml is employed. In one embodi 
ment, apoptosis inhibitors, such as free radical scavengers, in 
particular oxygen free radical scavengers, can be used during 
and immediately after exsanguination and then these agents 
can be Washed from the placenta. In accordance With this 
embodiment of the invention, the isolated placenta may be 
stored under hypotherrnic conditions in order to prevent or 
inhibit apoptosis. 
[0101] Preferably, prior to collection of placental stem 
cells, the placenta is ?ushed With, e.g., 10-100 mL of perfu 
sion ?uid to remove substantially all remaining cord blood. 
Typically such ?ushing is performed by passage of the per 
fusion ?uid through either or both of the umbilical artery and 
umbilical vein, using a gravity ?oW into the placenta. The 
placenta is preferably oriented (e.g., suspended) in such a 
manner that the umbilical artery and umbilical vein are 
located at the highest point of the placenta. In a preferred 
embodiment, the umbilical artery and the umbilical vein are 
connected simultaneously, as shoWn in FIG. 1, to a pipette 
that is connected via a ?exible connector to a reservoir of the 
perfusion ?uid. The perfusion ?uid is passed into the umbili 
cal vein and artery and collected in a suitable open vessel from 
the surface of the placenta that Was attached to the uterus of 
the mother during gestation. The perfusion ?uid may also be 
introduced through the umbilical cord opening and alloWed to 
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?oW or percolate out of openings in the Wall of the placenta 
Which interfaced With the maternal uterine Wall. 
[0102] In a preferred embodiment, the proximal umbilical 
cord is clamped during perfusion, and more preferably, is 
clamped Within 4-5 cm (centimeter) of the cord’s insertion 
into the placental disc. 
[0103] In one embodiment, a suf?cient amount of perfusion 
?uid is used that Will result in removal of all residual cord 
blood and subsequent collection or recovery of placental 
cells, including but not limited to embryonic-like stem cells 
and progenitor cells, that remain in the placenta after removal 
of the cord blood. 
[01 04] It has been ob served that When perfusion ?uid is ?rst 
collected from a placenta during ?ushing, the ?uid is colored 
With residual red blood cells of the cord blood. The perfusion 
?uid tends to become clearer as perfusion proceeds and the 
residual cord blood cells are Washed out of the placenta. 
Generally from 30 to 100 ml (milliliter) of perfusion ?uid is 
adequate to exsanguinate the placenta and to recover an initial 
population of embryonic-like cells from the placenta, but 
more or less perfusion ?uid may be used depending on the 
observed results. 
[0105] 5.4.1.3 Culturing The Placenta 
[0106] In preferred embodiments, the placenta is cultured 
or cultivated under aseptic conditions in a container or other 
suitable vessel, and perfused With perfusate solution (e.g., a 
normal saline solution such as phosphate buffered saline 
(“PBS”), or, preferably, a 0.9 N saline solution) With or With 
out an anticoagulant (e. g., heparin, Warfarin sodium, cou 
marin, bishydroxycoumarin), and/or With or Without an anti 
microbial agent (e.g., 3-mercaptoethanol (0.1 mM); 
antibiotics such as streptomycin (e. g., at 40-100 ug/ml), peni 
cillin (e.g., at 40 U/ml), amphotericin B (e.g., at 0.5 ug/ml), or 
the like. Various media may be used as perfusion ?uid for 
culturing or cultivating the placenta, such as DMEM, Ham’s 
F-12, M199, RPMI, Fisher’s, Iscove’s, McCoy’s and combi 
nations thereof, supplemented With fetal bovine serum (FBS), 
Whole human serum (WHS), or human umbilical cord serum 
collected at the time of delivery of the placenta. The same 
perfusion ?uid used to exsanguinate the placenta of residual 
cord blood may be used to culture or cultivate the placenta, 
Without the addition of anticoagulant agents. 
[0107] The ef?uent perfusate comprises both circulated 
perfusate, Which has ?oWed through the placental circulation, 
and extravasated perfusate, Which exudes from or passes 
through the Walls of the blood vessels into the surrounding 
tissues of the placenta. The ef?uent perfusate, or circulated 
perfusate, or, preferably, both the circulated and extravasated 
perfusates are collected, preferably in a sterile receptacle. 
Alterations in the conditions in Which the placenta is main 
tained and the nature of the perfusate can be made to modulate 
the volume and composition of the e?:luent perfusate. 
[0108] Cell types are then isolated from the collected per 
fusate by employing techniques knoWn by those skilled in the 
art, such as for example, but not limited to density gradient 
centrifugation, magnetic cell separation, cell sorting by 
FACS, a?inity cell separation or differential adhesion tech 
niques. 
[0109] In one embodiment, a placenta is placed in a sterile 
basin and Washed With 500 ml of phosphate-buffered normal 
saline. The Wash ?uid is then discarded. The umbilical vein is 
then cannulated With a cannula, e.g., a TEFLON® or plastic 
cannula, that is connected to a sterile connection apparatus, 
such as sterile tubing. The sterile connection apparatus is 
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connected to a perfusion manifold, as shown in FIG. 3. The 
container containing the placenta is then covered and the 
placenta is maintained at room temperature (20-250 C.) for a 
desired period of time, preferably from 2 to 24 hours, and 
preferably, no longer than 48 hours. The placenta may be 
perfused continually, With equal volumes of perfusate intro 
duced and e?iuent perfusate removed or collected. Alterna 
tively, the placenta may be perfused periodically, e. g., at every 
2 hours; at 4, 8, 12, and 24 hours; or at other intervals during 
culturing, With a volume of perfusate, e.g., 100 ml of perfu 
sate (sterile normal saline supplemented With or Without 1000 
u/l heparin and/ or EDTA and/ or CPDA (creatine phosphate 
dextrose)). In the case of periodic perfusion, preferably equal 
volumes of perfusate are introduced and removed from the 
culture environment of the placenta, so that a stable volume of 
perfusate bathes the placenta at all times. 
[0110] The ef?uent perfusate that escapes the placenta, 
e.g., at the opposite surface of the placenta, is collected and 
processed to isolate embryonic-like stem cells, progenitor 
cells or other cells of interest. 

[0111] The number and type of cells propagated may easily 
be monitored by measuring changes in morphology and cell 
surface markers using standard cell detection techniques such 
as ?oW cytometry, cell sorting, immunocytochemistry (e.g., 
staining With tissue speci?c or cell-marker speci?c antibod 
ies), ?uorescence activated cell sorting (FACS), magnetic 
activated cell sorting (MACS), by examination of the mor 
phology of cells using light or confocal microscopy, or by 
measuring changes in gene expression using techniques Well 
knoWn in the art, such as PCR and gene expression pro?ling. 
[0112] In one embodiment, placental stem cells may be 
sortedusing a ?uorescence activated cell sorter (FACS). Fluo 
rescence activated cell sorting (FACS) is a Well-known 
method for separating particles, including cells, based on the 
?uorescent properties of the particles (Kamarch, 1 987, Meth 
ods EnZymol, 151:150-165). Laser excitation of ?uorescent 
moieties in the individual particles results in a small electrical 
charge alloWing electromagnetic separation of positive and 
negative particles from a mixture. In one embodiment, cell 
surface marker-speci?c antibodies or ligands are labeled With 
distinct ?uorescent labels. Cells are processed through the 
cell sorter, alloWing separation of cells based on their ability 
to bind to the antibodies used. FACS sorted particles may be 
directly deposited into individual Wells of 96-Well or 384 
Well plates to facilitate separation and cloning. 
[0113] In another embodiment, magnetic beads can be used 
to separate cells. The cells may be sorted using a magnetic 
activated cell sorting (MACS) technique, a method for sepa 
rating particles based on their ability to bind magnetic beads 
(0.5-100 um diameter). A variety of useful modi?cations can 
be performed on the magnetic microspheres, including cova 
lent addition of antibody that speci?cally recogniZes a cell 
solid phase surface molecule or hapten. A magnetic ?eld is 
then applied, to physically manipulate the selected beads. The 
beads are then mixed With the cells to alloW binding. Cells are 
then passed through a magnetic ?eld to separate out cells 
having cell surface markers. These cells can then isolated and 
re-mixed With magnetic beads coupled to an antibody against 
additional cell surface markers. The cells are again passed 
through a magnetic ?eld, isolating cells that bound both the 
antibodies. Such cells can thenbe diluted into separate dishes, 
such as microtiter dishes for clonal isolation. 

[0114] In certain embodiments of the invention, the 
drained, exsanguinated placenta is cultured as a bioreactor, 
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i.e., an ex vivo system for propagating placental stem cells. 
The number of propagated cells in the placental bioreactor 
can be maintained in a continuous state of balanced groWth by 
periodically or continuously removing a portion of a culture 
medium or perfusion ?uid that is introduced into the placental 
bioreactor, and from Which the propagated cells may be 
recovered. Fresh medium or perfusion ?uid is introduced at 
the same rate or in the same amount. To use the placenta as a 

bioreactor, it may be cultured for varying periods of time 
under sterile conditions by perfusion With perfusate solution 
as disclosed herein. In speci?c embodiments, the placenta is 
cultured for at least about 12, 24, 36, or 48 hours, or for 3-5 
days, 6-10 days, or for one to tWo Weeks. In a preferred 
embodiment, the placenta is cultured for about 48 hours. The 
cultured placenta is preferably “fed” periodically by the 
removal of spent media and the cells suspended in the media, 
and addition of fresh media. The cultured placenta is prefer 
ably stored under sterile conditions to reduce the possibility 
of contamination, and maintained under intermittent and 
periodic pressurization to create conditions that maintain an 
adequate supply of nutrients to the cells of the placenta. 
Perfusion and culture of the placenta can be both automated 
and computeriZed for e?iciency and increased capacity. 
[0115] In certain embodiments, placental stem cells are 
induced to propagate in the placenta bioreactor by introduc 
tion of nutrients, hormones, vitamins, groWth factors, or any 
combination thereof, into the perfusion solution. Serum and 
other groWth factors may be added to the propagation perfu 
sion solution or medium. GroWth factors are usually proteins 
and include, but are not limited to: cytokines, lymphokines, 
interferons, colony stimulating factors (CSFs), interferons, 
chemokines, and interleukins. Other groWth factors that may 
be used include recombinant human hematopoietic groWth 
factors including ligands, stem cell factors, thrombopoietin 
(Tpo), granulocyte colony-stimulating factor (G-CSF), leu 
kemia inhibitory factor, basic ?broblast groWth factor, pla 
centa derived groWth factor and epidermal groWth factor. 
[0116] 5.4.1.4 Collection of Cells from the Placenta 
[0117] As disclosed above, after exsanguination and perfu 
sion of the placenta, embryonic-like stem cells migrate into 
the drained, empty microcirculation Where, according to the 
methods of the invention, they are collected, preferably by 
collecting the e?iuent perfusate in a collecting vessel. 
[0118] In preferred embodiments, cells cultured in the pla 
centa are isolated from the e?iuent perfusate using techniques 
knoWn by those skilled in the art, such as, for example, den 
sity gradient centrifugation, magnetic cell separation, FACS 
sorting, or other cell separation or sorting methods Well 
knoWn in the art, and sorted, for example, according to the 
scheme shoWn in FIG. 4. 

[0119] In a speci?c embodiment, cells collected from the 
placenta can be recovered from the e?iuent perfusate by 
centrifugation at, e.g., about 5000><g for about 15 minutes at 
room temperature, Which separates cells from contaminating 
debris and platelets. The cell pellets are resuspended in, e. g., 
IMDM serum-free medium containing 2 U/ml heparin and 2 
mM EDTA (GibcoBRL, NY). The total mononuclear cell 
fraction can be isolated using apheresis, preferably using a 
commercial collection kit such as LYMPHOPREPTM (Ny 
comed Pharrna, Oslo, NorWay). Cells are then counted using, 
e.g., a hemocytometer. Viability is typically evaluated by 
trypanblue exclusion. Isolation of cells is preferably achieved 
by “differential trypsiniZation,” using a solution of, e.g., 
0.05% trypsin With 0.2% EDTA (Sigma, St. Louis Mo.). 
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Differential trypsinization is possible because ?broblastoid 
cells trypsinized in this manner detach from plastic cell cul 
ture surfaces Within about ?ve minutes, Whereas other adher 
ent populations require more than about 20-30 minutes incu 
bation With trypsin. The detached ?broblastoid cells are 
harvested following tryp sinization and trypsin neutralization, 
using Trypsin Neutralizing Solution (TNS, BioWhittaker). 
The cells can then be Washed in a nutrient medium such as 
HDMEM, and resuspended in, eg MSCGM. 
[0120] In another embodiment, the isolated placenta is per 
fused for a period of time Without collecting the perfusate, 
such that the placenta may be perfused for 2, 4, 6, 8, 10, 12, 20 
or 24 hours or even days before the perfusate is collected. In 
such embodiments, for example, perfusion ?uid can be intro 
duced into the placenta and alloWed to occupy the placental 
vasculature for a time prior to collection, or in the case of 
circulated perfusate, the perfusion ?uid can be recirculated 
for such a time. 

[0121] In another embodiment, cells cultured in the pla 
centa bioreactor are isolated from the placenta by physically 
dissecting the cells aWay from the placenta. 
[0122] In another embodiment, cells cultured in the pla 
centa bioreactor are isolated from the placenta by dissociating 
the tissues of the placenta or a portion thereof, and recovering 
the cultured cells by art-knoWn cell separation or sorting 
methods such as density gradient centrifugation, magnetic 
cell separation, FACS sorting, etc. 
[0123] In a preferred embodiment, perfusion of the pla 
centa and collection of ef?uent perfusate is repeated once or 
tWice during the culturing of the placenta, until the number of 
recovered nucleated cells falls beloW 100 cells/ml. The per 
fusates are pooled and subjected to light centrifugation to 
remove platelets, debris and de-nucleated cell membranes. 
The nucleated cells are then isolated by Ficoll-Hypaque den 
sity gradient centrifugation and after Washing, resuspended in 
HDMEM. For isolation of the adherent cells, aliquots of 
5-10><106 cells are placed in each of several T-75 ?asks and 
cultured With commercially available Mesenchymal Stem 
Cell GroWth Medium (MSCGM) obtained from BioWhit 
taker, and placed in a tissue culture incubator (370 C., 5% 
CO2). After 10 to 15 days, non-adherent cells are removed 
from the ?asks by Washing With PBS. The PBS is then 
replaced by MSCGM. Flasks are preferably examined daily 
for the presence of various adherent cell types and in particu 
lar, for identi?cation and expansion of clusters of ?broblas 
toid cells. 
[0124] In other embodiments, the cells collected from the 
placenta are cryopreserved foruse at a later time. Methods for 
cryopreservation of cells, such as stem cells, are Well knoWn 
in the art, for example, cryopreservation using the methods of 
Boyse et al. (US. Pat. No. 5,192,553, issued Mar. 9, 1993) or 
Hu et al. (WO 00/73421, published Dec. 7, 2000). 
[0125] 5.4.2 Isolation of Placental Stem Cells By Physical 
Disruption 
[0126] Placental stem cells can be collected from a mam 
malian placenta by physical disruption, e. g., enzymatic diges 
tion, of the organ. For example, the placenta, or a portion 
thereof, may be, e.g., crushed, sheared, minced, diced, 
chopped, macerated or the like, While in contact With the stem 
cell collection composition of the invention, and the tissue 
subsequently digested With one or more enzymes. The pla 
centa, or a portion thereof, may also be physically disrupted 
and digested With one or more enzymes, and the resulting 
material then immersed in, or mixed into, the stem cell col 
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lection composition of the invention. Any method of physical 
disruption can be used, provided that the method of di sruption 
leaves a plurality, more preferably a majority, and more pref 
erably at least 60%, 70%, 80%, 90%, 95%, 98%, or 99% of 
the cells in said organ viable, as determined by, e.g., trypan 
blue exclusion. 
[0127] The placenta can be dissected into components prior 
to physical disruption and/or enzymatic digestion and stem 
cell recovery. For example, placenta-derived stem cells can be 
obtained from the amniotic membrane, chorion, umbilical 
cord, placental cotyledons, or any combination thereof. Pref 
erably, placenta-derived stem cells are obtained from placen 
tal tissue comprising amnion and chorion. Typically, pla 
centa-derived stem cells can be obtained by disruption of a 
small block of placental tissue, e.g., a block of placental tissue 
that is about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 
80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900 or about 
1000 cubic millimeters in volume. 
[0128] A preferred stem cell collection composition com 
prises one or more tissue-disruptive enzyme(s). Enzymatic 
digestion preferably uses a combination of enzymes, e.g., a 
combination of a matrix metalloprotease and a neutral pro 
tease, for example, a combination of collagenase and dispase. 
In one embodiment, enzymatic digestion of placental tissue 
uses a combination of a matrix metalloprotease, a neutral 
protease, and a mucolytic enzyme for digestion of hyaluronic 
acid, such as a combination of collagenase, dispase, and 
hyaluronidase or a combination of LIBERASE® (Boehringer 
Mannheim Corp., Indianapolis, Ind.) and hyaluronidase. 
Other enzymes that can be used to disrupt placenta tissue 
include papain, deoxyribonucleases, serine proteases, such as 
trypsin, chymotrypsin, or elastase. Serine proteases may be 
inhibited by alpha 2 microglobulin in serum and therefore the 
medium used for digestion is usually serum-free. EDTA and 
DNase are commonly used in enzyme digestion procedures to 
increase the ef?ciency of cell recovery. The digestate is pref 
erably diluted so as to avoid trapping stem cells Within the 
viscous digest. 
[0129] Any combination of tissue digestion enzymes can 
be used. Typical concentrations for tissue digestion enzymes 
include, e.g., 50-200 U/mL for collagenase I and collagenase 
IV, 1-10 U/mL for dispase, and 10-100 U/mL for elastase. 
Proteases can be used in combination, that is, tWo or more 
proteases in the same digestion reaction, or can be used 
sequentially in order to liberate placental stem cells. For 
example, in one embodiment, a placenta, or part thereof, is 
digested ?rst With an appropriate amount of collagenase I at 2 
mg/ml for 30 minutes, folloWed by digestion With trypsin, 
0.25%, for 10 minutes, at 370 C. Serine proteases are prefer 
ably used consecutively folloWing use of other enzymes. 
[0130] In another embodiment, the tissue can further be 
disrupted by the addition of a chelator, e.g., ethylene glycol 
bis(2-aminoethyl ether)-N,N,NN'-tetraacetic acid (EGTA) or 
ethylenediaminetetraacetic acid (EDTA) to the stem cell col 
lection composition comprising the stem cells, or to a solution 
in Which the tissue is disrupted and/ or digested prior to iso 
lation of the stem cells With the stem cell collection compo 
sition. 

[0131] It Will be appreciated that Where an entire placenta, 
or portion of a placenta comprising both fetal and maternal 
cells (for example, Where the portion of the placenta com 
prises the chorion or cotyledons), the placenta-derived stem 
cells collected Will comprise a mix of placenta-derived stem 
cells derived from both fetal and maternal sources. Where a 
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portion of the placenta that comprises no, or a negligible 
number of, maternal cells (for example, amnion), the pla 
centa-derived stem cells collected Will comprise almost 
exclusively fetal placenta-derived stem cells. 
[0132] Placental stem cells in the digested placental tissue 
can be isolated by, e.g., culturing of such cells With other cells 
in the digested tissue and isolating by differential trypsiniZa 
tion as described elseWhere herein. Alternatively, such cells 
can be puri?ed using one or more antibodies to placental stem 
cell markers, folloWed by, e.g., magnetic bead separation. See 
Section 5.4.1.4. 

5.5 Combinations of Umbilical Cord Blood and 
Placental Stem Cells 

[0133] The present invention provides a method of treating 
a disorder or condition caused by or associated With prema 
ture birth by using a combination of umbilical cord blood and 
placental stem cells. The placental stem cells can be stem cells 
contained Within placental perfusate; placental stem cells 
initially collected from placental perfusate; placental stem 
cells collected from digestion of placental tissue; placental 
stem cells from placental perfusate or digestion of placental 
tissue, Wherein the placental stem cells have been cultured in 
cell culture for a time su?icient for the placental stem cells to 
propagate for, e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14,15, 16, 17, 18, 19, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38 or 
40 population doublings; or any combination of the forego 
ing. Placental stem cells to be combined With cord blood in 
the treatment of premature infants can be from a single pla 
centa or a plurality of placentas. 
[0134] The ratio of umbilical cord blood and placental stem 
cells can be determined according to the judgment of those of 
skill in the art. In certain embodiments, the ratio of umbilical 
cord blood to placental stem cells is about 100,000,000:1, 
50,000,000:1, 20,000,000: 1, 10,000,000:1, 5,000,000:1, 
2,000,000:1, 1,000,000:1, 500,000:1, 200,000:1, 100,000:1, 
50,000:1, 20,000:1, 10,000:1, 5,000:1, 2,000:1, 1,000:1, 500: 
1,200:1, 100:1, 50:1,20:1, 10:1, 5:1, 2:1, 1:1; 1:2; 1:5; 1:10; 
1:100; 1:200; 1:500; 1:1,000; 1:2,000; 1:5,000; 1:10,000; 
1:20,000; 1:50,000; 1:100,000; 1:500,000; 1:1,000,000; 1:2, 
000,000; 1:5,000,000; 1:10,000,000; 1:20,000,000; 
1:50,000,000; or about 1:100,000,000, comparing numbers 
of total nucleated cells in each population, or comparing total 
numbers of stem cells in each population. In preferred 
embodiments, the ratio of umbilical cord blood to placental 
stem cells is betWeen about 20:1 and about 1:20, or is about 
1:10, about 1:5, about 1:1, about 5:1 or about 10:1. 
[0135] Placental stem cells and cord blood can be com 
bined prior to administration to a premature infant, or can be 
administered separately. 
[0136] 5 .5 .1 Pharmaceutical Compositions 
[0137] The present invention also encompasses pharma 
ceutical compositions comprising umbilical cord blood and 
placental stem cells, and a pharmaceutically-acceptable car 
r1er. 

[0138] In accordance With this embodiment, the combined 
umbilical cord blood and placental stem cells of the invention 
may be formulated as an injectable composition (e.g., WO 
96/3 9101, incorporated herein by reference in its entirety). In 
another embodiment, the combined umbilical cord blood and 
placental stem cells of the present invention may be formu 
lated using polymeriZable or cross linking hydrogels as 
described, e.g., inU.S. Pat. Nos. 5,709,854; 5,516,532; 5,654, 
3 81 . 

[0139] In another embodiment, the invention provides for 
the maintenance of each stem cell population of the combined 
umbilical cord blood and placental stem cells, prior to admin 
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istration to an individual, as separate pharmaceutical compo 
sitions to be administered sequentially or jointly to create the 
combined stem cell population in vivo. Each component may 
be stored and/ or used in a separate container, e.g., a single bag 
(e.g., blood storage bag from Baxter, Becton-Dickinson, 
Medcep, National Hospital Products, Terumo, etc.) or sepa 
rate syringe, Which contains a single type of cell or cell 
population. In a speci?c embodiment, cord blood, or cord 
blood-derived nucleated or stem cells, are contained in one 
bag, and placental perfusate, or placental stem cells from 
placental perfusate, are contained in a second bag. 
[0140] A population of placental stem cells can be 
enriched. In a speci?c embodiment, a population of cells 
comprising placental stem cells is enriched by removal of red 
blood cells and/or granulocytes according to standard meth 
ods, so that the remaining population of nucleated cells is 
enriched for placental stem cells relative to other cell types in 
placental perfusate. Such an enriched population of placental 
stem cells may be used unfroZen, or may be froZen for later 
use. If the population of cells is to be froZen, a standard 
cryopreservative (e.g., DMSO, glycerol, EpilifeTM Cell 
Freezing Medium (Cascade Biologics) is added to the 
enriched population of cells before it is froZen. 
[0141] The pharmaceutical compositions of the invention 
may comprise one or more agents that induce cell differen 
tiation. In certain embodiments, an agent that induces differ 
entiation includes, but is not limited to, Ca2+, EGF, ot-FGF, 
[3-FGF, PDGF, keratinocyte groWth factor (KGF), TGF-B, 
cytokines (e.g., IL-lot, IL-1[3, IFN-y, TFN), retinoic acid, 
transferrin, hormones (e.g., androgen, estrogen, insulin, pro 
lactin, triiodothyroxine, hydrocortisone, dexamethasone), 
sodium butyrate, TPA, DMSO, NMF, DMF, matrix elements 
(e.g., collagen, laminin, heparan sulfate, MatrigelTM), or com 
binations thereof. 
[0142] In another embodiment, the pharmaceutical compo 
sition of the invention may comprise one or more agents that 
suppress cellular differentiation. In certain embodiments, an 
agent that suppresses differentiation includes, but is not lim 
ited to, human Delta-1 and human Serrate-1 polypeptides 
(see, Sakano et al., US. Pat. No. 6,337,387), leukemia inhibi 
tory factor (LIE), stem cell factor, or combinations thereof. 
[0143] The pharmaceutical compositions of the present 
invention may be treated prior to administration to an indi 
vidual With a compound that modulates the activity of TNF 
0t. Preferred such compounds are disclosed in detail in, e.g., 
US. Application Publication No. 2003/ 0235909, Which dis 
closure is incorporated herein in its entirety. Preferred com 
pounds are referred to as IMiDs (immunomodulatory com 
pounds) and SELCIDS® (Selective Cytokine Inhibitory 
Drugs), and particularly preferred compounds are available 
under the trade names ACTIMIDTM, REVIMIDTM and REV 
LIMIDTM. 

6. EXAMPLES 

6.1 Example 1 

Collection of Umbilical Cord Blood and Placental 
Stem Cells 

[0144] This example illustrates the collection of umbilical 
cord blood and placental stem cells. 
[0145] 6.1.1 Collection of Umbilical Cord Blood 
[0146] Umbilical cordblood is collectedusing an umbilical 
cord blood collection kit such as described in US. Pat. Appli 
cation Publication No. 2006/0060494, entitled “Cord Blood 
Collection Kit and Methods of Use Therefor,” the contents of 
Which are incorporated by reference in their entirety. 










